Fruits of actinidia (Actinidia Lindl.) genotypes are known as a source of vitamins C and E, minerals, dietary fibre, various organic acids, carotenoids, flavonoids, and other useful compounds, but almost no data are available about proteins and amino acids content. The objective of the study was to determine the amounts of crude protein and amino acids in the fruits of kolomikta actinidia (Actinidia kolomikta (Maxim. & Rupr.) Maxim.) cultivars. Four Lithuanian cultivars 'Laiba', 'Lankė', 'Landė' and 'Paukštės Šakarva' were investigated. The cultivars were developed at Aleksandras Stulginskis University's research orchard and have been under investigation there for 25 years. The amount of crude protein was determined by the Kjeldahl method. Amino acids were separated by ionexchange chromatography and detected photometrically. The crude protein content of the investigated kolomikta actinidia fruits ranged between 0.96-1.32%. There were no significant differences in the protein content among the cultivars tested. The protein content of kolomikta actinidia fruits is similar to that of another species of actinidiakiwifruits (Actinidia chinensis Planch. (A.Chev) C.F.Liang & A.R.Ferguson). In kolomikta actinidia fruit, glutamic acid was the predominant amino acid with values ranging from 7.60 to 9.51 g kg -1 . The highest amount of essential amino acids was in ‛Laiba' fruits (17.71 g kg -1 ), while that of nonessential amino acids in ‛Lankė' fruits (33.24 g kg -1 ). The recommended ratio of total essential amino acids to the total amino acids, protein efficiency ratio, amount of total nonessential, sulphur, aromatic, neutral, acidic, basic, branched chain amino acids, leucine/isoleucine ratio and their percentage levels in the fruits of all cultivars were calculated. The study showed that amino acids amounts and percentage levels in kolomikta actinidia fruits tested are similar to those in kiwifruits.
Introduction
A high nutritional value of fruits led to a significant increase in their consumption. Recently, many researchers have been recommending the use of fruits, including kiwifruits (Actinidia chinensis), with a high antioxidant activity (Jung et al., 2005; Scalzo et al., 2005) . Of almost 50 species of Actinidia genus only kolomikta actinidia (Actinidia kolomikta) is characterized as resistant and bower actinidia (Actinidia arguta (Siebold & Zucc.) Planch. ex Miq.) as tolerant of Lithuanian climatic conditions. Kolomikta actinidia is a promising plant in Lithuania, the fruits of which accumulate a complex of biologically active substances (Pranckietis et al., 1999; Chesoniene et al., 2004; Paulauskienė et al., 2009; Pranckietis et al., 2009) . Average fruit mass of kolomikta actinidia grown in Lithuania ranges from 2.1 to 4.5 g (Pranckietis et al., 1999) . The fruits are very aromatic with a sweet, intense flavour that has been compared to banana, pineapple, strawberry, pear, blackcurrant, melon and tropical flavours (Matich et al., 2003) . The fruits have thin cuticle, their pulp is of sour-sweet taste, green colour, soft consistence, contains approximately 80 fine evenly distributed seeds that are not felt when eating . Taste is largely determined by the relative concentrations of acids and sugars present (Marsh et al., 2004) . Fruits of all actinidia species are excellent sources of vitamin C. According to previous experiments, the vitamin C content in the fruit of some hardy kiwifruit such as bower actinidia and kolomikta actinidia is comparable or remarkably higher than in the popular kiwifruit, up to 1164 mg 100 g -1 of fruit weight for kolomikta actinidia (Ferguson, MacRae, 1992; Nishiyama et al., 2004) . In kolomikta actinidia fruits of Lithuanian origin, the amount of vitamin C in different years can range from 243 to 1044 mg 100 g -1 (Česonienė, Viškelis, 2007; Paulauskienė et al., 2009) . Vitamin C together with total polyphenols is the most important factor of antioxidant activity of actinidia fruits (Park et al., 2006; Krupa, Latocha, 2007; Guorong et al., 2009; Gruzdienė, Kazernavičiūtė, 2010) . Fruits of actinidia are a source of minerals, dietary fibre, various organic acids, vitamin E, carotenoids, flavonoids, and other useful compounds (Nishiyama et al., 2008) .
There are a lot of studies done with actinidia fruits for determination of biologically active substances, but almost no data are available on protein and amino acids composition of kolomikta actinidia fruits. The objective of the study was to determine the composition of crude proteins and amino acids in the fruits of Lithuanian kolomikta actinidia cultivars 'Laiba', 'Lankė', 'Landė' and 'Paukštės Šakarva'.
Materials and methods
The fruits of kolomikta actinidia were obtained from the research orchard of Lithuanian University of Agriculture (currently -Aleksandras Stulginskis University) in [2008] [2009] . Four cultivars 'Laiba', 'Lankė', 'Landė' and 'Paukštės Šakarva', included in the Lithuanian National List of Plant Varieties since 1997, were used in the investigation. These cultivars were developed by selecting seedlings, grown from free pollination seeds of 'Klara Cetkin' and 'Ananasnaja' cultivars in 1972, and have been under investigation there since 1988 (Pranckietis, Pranckietiene, 2000) . Plants of kolomikta actinidia grow in rows; the distance between the plants is 1-1.5 m and between rows 3 m. Each cultivar grows in a separate row. Fruits were harvested at technical maturity stage. Description of fruits of the investigated cultivars according to breeder Pranckietis et al. (1999) are presented in Table 1 . Methods of chemical analysis. 100 g of fruits were sampled from ten plants of each cultivar. Laboratory sample of fruits was a minimum of 1 kg. For analysis fruit pulp was crushed with peel and seeds. For the crude protein analysis 1 g of the laboratory sample was weighed. The amount of crude protein was determined by Kjeldahl method (ISO 20483:2006) . The amount of amino acids was determined in dry matter of fruit. Amino acids were separated by ion exchange chromatography and detected photometrically by measuring light absorbance at 570 nm with an automatic analyzer of amino acids AAA 339 ("Mikrotechna", Czech Republic), using glass column (Ø 0.37 × 45 cm), filled with ionite "Ostion LGANB" ("Lachema", Czech Republic). Hydrolysis of the sample was performed in the presence of 6 M HCl at 105°C for 24 h (Technical regulation..., 2003) . Chemical analyses were performed in three replications. The predicted protein efficiency ratio (PER) was calculated using an equation developed by Alsmeyer et al. (1974) : P-PER = −0.468 + 0.454 (Leu) − 0.105 (Tyr). The ratio of total essential amino acids (TEAA) to the total amino acids (TAA), amount of total nonessential amino acids (TNEAA), total sulphur amino acids (TSAA), total aromatic amino acids (TArAA), total neutral amino acids (TNAA), total acidic amino acids (TAAA), total basic amino acids (TBAA), branched chain amino acids (BCAA), leucine/ isoleucine (Leu/Ile) ratio and their percentage levels were calculated.
Statistical analysis. The research data were processed by analysis of variance (ANOVA) using computer programme STATISTICA. Arithmetical means and standard errors of the experimental data were calculated. Significant differences among data were evaluated according to Fisher's LSD test. The difference was statistically significant at p < 0.05.
Results and discussions
The crude protein content in dry mass of the investigated kolomikta actinidia fruits ranged between 0.96% and 1.32%. No significant differences among the cultivars were established. The protein content of kolomikta actinidia fruits is similar to that of kiwifruits cv. ‛Hayward' (Morton, 1987; Castaldo et al., 1992) . In the kolomikta actinidia fruits there were identified 16 amino acids (Table 3) . Glutamic acid (7.60-9.51 g kg -1 ), aspartic acid (4.10-5.01 g kg -1 ) and arginine (3.52-4.94 g kg -1 ) were the most predominant amino acids while methionine (0.42-0.86 g kg -1 ) was the least predominant. Glutamic acid is by far the most important taste enhancing amino acid and aspartic acid contributes also. Glutamic acid is important in the metabolism of sugars and fats. Aspartic acid is of vital importance in the metabolism and construction of other amino acids (Reeds, 2000) . The largest amount of glutamic acid was established in 'Laiba' fruits, aspartic acid and arginine in 'Lankė' fruits. Significant differences (p < 0.05) were determined among two groups of cultivars -'Laiba', 'Lankė' and 'Landė', 'Paukštės Šakarva'. Similarly the data of Castaldo et al. (1992) show that arginine and glutamic acid were the major amino acids in Italian kiwi puree.
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All the essential amino acids, except tryptophan, were found in the fruit of all of the investigated kolomikta actinidia cultivars. The predominant essential amino acid in kolomikta actinidia fruits was leucine, whose value ranged from 3.13 g kg -1 in ‛Landė' fruits to 3.65 g kg -1 in ‛Laiba' fruits (Table 2) . Leucine is the most abundant amino acid in tissue and food proteins but specific demands for non-protein functions have not been identified (FAO/WHO/UNU, 2007). (Reeds, 2000; Fürst, Stehle, 2004 ). Significant differences (p < 0.05) among the cultivars in row are marked by different letters.
The histidine content in kolomikta actinidia fruits ranged from 1.60 g kg -1 in ‛Paukštės Šakarva' fruits to 2.02 g kg -1 in ‛Laiba' friuts (Table 2 ). In this case significant differences (p < 0.05) were determined between 'Laiba' and 'Paukštės Šakarva', also 'Landė' and between 'Lankė' and 'Paukštės Šakarva' cultivars. In the investigated kolomikta actinidia fruits threonine content was higher compared with lysine, and varied from 1.67 g kg -1 in ‛Paukštės Šakarva' fruits to 2.25 g kg -1 in ‛Lankė' fruits (Table 2) . Methionine, tyrosine and lysine are limiting amino acids in kolomikta actinidia fruits. The amounts of isoleucine, phenylalanine and valine were similar; significantly highest contents of these acids were detected in 'Laiba' fruits (p < 0.05), accordingly 2.78, 2.26 and 2.71 g kg -1 (Table 2 ). The highest values of essential amino acids (including histidine) were determined in 'Laiba' and ‛Lankė' fruits -17.71 and 16.87 g kg -1 , respectively (Fig.) . In fruits of 'Landė' and ‛Paukštės Šakarva' these values were about 15% lower -14.99 and 14.72 g kg -1 , respectively. The largest amounts of TAA and TEAA were estimated in kolomikta actinidia ‛Lankė' fruits (50.11 ± 0.43 and 33.24 ± 0.27 g kg -1 , respectively) ( Table 3) . Fennema (1996) suggests evaluating the biological value of proteins by ratio of TEAA to the TAA (% TEAA), which should be 31.40-33.90%. In 'Lankė' fruits the recommended ratio of TEAA to the TAA was 33.66% (Table 3 ). In fruits of other kolomikta actinidia cultivars the recommended ratio was slightly higher. In fruits of kolomikta actinidia the percentage of TEAA was twice as high as in kiwifruits. The percentage of TNAA in kolomikta actinidia fruits was close to the value in kiwifruits. The percentage of TNAA ranged between 53.43-55.51%, indicating that these formed the bulk of the TAA (Table 3 ). The value of TAAA ranged from 11.86 to 14.41 g kg -1 , and it was 28.65-29.29% of TAA (Table 3) . These results were highly comparable to the following values of kiwifruits. The value of TBAA was less than half, i.e. 6.57-8.32 g kg -1 . These results made them the third largest group with 16.76-16.60% of TAA, while the percentage of TBAA in kiwifruits was twice Figure. Essential and nonessential amino acids composition of kolomikta actinidia (Actinidia kolomikta) fruits (g kg -1 of dry mass) fruits of Lithuanian origin as high (Castaldo et al., 1992) . Sulphur amino acids are important metabolically to the extent that their relative requirement for maintenance is probably higher than that for human growth (FAO/WHO/UNU, 2007). The value of TSAA in kolomikta actinidia fruits ranged between 0.08-0.18 g kg -1 that equalled 0.86-1.75% of TAA. This percentage was highly comparable to the following values of kiwifruits (Castaldo et al., 1992) .
The amounts of TArAA in fruits of kolomikta actinidia were low -2.83-3.71 g kg -1
, but bigger than TSAA. The percentage ranged from 5.65% to 7.71% and was higher than that of kiwifruits. Phenylalanine and tyrosine are aromatic amino acids. Phenylalanine can be converted in the body to tyrosine, which is the precursor of the catecholamines and thyroid hormone. The requirement for phenylalanine (to meet the needs for phenylalanine plus tyrosine) is an average of 43 mg kg -1 d -1 and the optimal dietary ratio of phenylalanine to tyrosine is 60:40 (Castaldo et al., 1992; Pencharz et al., 2007) . In fruits of kolomikta actinidia the ratio of phenylalanine to tyrosine was close to optimal -60:38 in 'Lankė ', 60:39 in 'Laiba' and 'Paukštės Šakarva', 60:41 in 'Landė' fruits. The BCAA (leucine, isoleucine, valine) are among the nine essential amino acids for humans, accounting for 35% of the amino acids in muscle proteins and 40% of the preformed amino acids required by mammals (Shimomura et al., 2004) . In kolomikta actinidia fruits the amount of BCAA varied from 7.82 to 9.13 g kg -1 and composed 15.73-20.87% of TAA. This value makes only half of the recommended rate, but is three times higher than in kiwifruits which accumulate only about 6% (Castaldo et al., 1992) . The PER of a food reflects its biological value. Plant proteins, because of their incomplete nature, generally yield to PER values, whereas the values for animal proteins are higher, often above 2.0. The highest PER values of kolomikta actinidia fruits were calculated in ‛Laiba' cultivar -1.04, PER of other fruits did not exceed unit (Table 3) . TAA -total amino acids, TNEAA -total nonessential amino acids, TEAA -total essential amino acids, TNAA -total neutral amino acids (Ile + Leu + Met + Phe + Thr + Val + Ala + Gly + Pro + Ser + Tyr), TAAA -total acidic amino acids (Asp + Glu), TBAAtotal basic amino acids (His + Lys + Arg), TSAA -total sulphur amino acid (Met), TArAA -total aromatic amino acids (Phe + Tyr), BCAA -branched chain amino acids (Leu + Ile + Val), Leu/Ile -leucine/isoleucine ratio.
Excess leucine in foods interferes with the utilization of isoleucine and lysine. When taken as a major source of protein in the diet, any protein with a Leu/Ile ratio less than 4.6 is considered nutritionally safe. Higher levels of leucine in a diet may induce pellagra, and the leucine/lysine ratio is used as an indicator of the pellagragenic character of a food protein (Mbitki-Mwikya et al., 2000) . In all of the investigated kolomikta actinidia fruits Leu/Ile ratio ranged between 1.26-1.32 and it was three and half times less than the recommended rate.
Conclusions
1. Kolomikta actinidia (Actinidia kolomikta) fruits are not only rich in vitamins and polyphenols but also can be an additional source of amino acids with almost all nonessential and essential (except tryptophan) amino acids. The largest amount of essential amino acids was established in the fruits of kolomikta actinidia ‛Laiba ' (17.71 g kg -1 ) and that of nonessential amino acids in 'Lankė' fruits (33.24 g kg -1 ).
